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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the local 
nonuniformity of implantation density and the 
activation of implantated species in the case of ion 
implantation by forming a silicon film with a flat 
surface on a substrate, and obtaining a crystalline 
silicon film by melting and crystallizing the 
silicon film, inhibiting the convection movement of 
silicon atoms. 

SOLUTION: A silicon film 5 with a flat surface is 
formed onto a substrate 4. Oxygen ions are 
implanted in depth of approximately 100 nm or more 
from the surface layer of the silicon film 5, 
keeping the substrate 4 at a fixed temperature ot 
500-600 °C. The substrate 4 is thermally treated at 
a temperature of approximately 600°C or higher for 
approximately 100 hr or more. The silicon film 5 is 
melted and crystallized by applying laser beams, 
and a crystalline silicon film is obtained. Thus, 
the nonuniformity of the status of implantation is 
prevented by the extreme nonuniformity of the 
silicon thin-film, and easy segregation or the like 



in an irregular section of implantation species or 
the like at an interstitial position in the case of 
activation by heat of the implantation species can 
be improved. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is melting, forming on a substrate the silicon film which has a flat front face, and controlling 
convection-current migration of a silicon atom then. - Process of the thin film transistor characterized by 
making it crystalize and obtaining the crystalline substance silicon film. 

[Claim 2] It is melting, forming on a substrate the silicon film which has a flat front face, then forming 
gate dielectric film, and controlling convection-current migration of a silicon atom further. - Process of 
the thin film transistor characterized by making it crystalize and obtaining the crystalline substance 
silicon film. 

[Claim 3] The process of a thin film transistor given in claims 1 and 2 characterized by making melting 
of the silicon film by laser radiation. 

[Claim 4] The process of the thin film transistor according to claim 3 to which laser is characterized by 
being an excimer laser. 

[Claim 5] The process of the thin film transistor according to claim 3 to which laser is characterized by 
being an argon laser. 

[Claim 6] The process of a thin film transistor given in claims 1 and 2 which impress a magnetic field 
and are characterized by controlling convection-current migration of a silicon atom at the time of 
melting-crystallization. 

[Claim 7] The process of a thin film transistor given in claims 1 and 2 which spray high-pressure force 
inert gas and are characterized by controlling convection-current migration of a silicon atom at the time 
of melting-crystallization. 

[Claim 8] The process of the thin film transistor momentarily characterized by heating crystalline 
substance silicon at about 1000 degrees C or more and about 1400 degrees C or less after gate-dielectric- 
film formation in contact with crystalline substance silicon and this. 

[Claim 9] The process of the thin film transistor according to claim 8 characterized by heating 
crystalline substance silicon by laser radiation. 

[Claim 10] The process of the thin film transistor according to claim 9 to which laser is characterized by 
being an excimer laser. 

[Claim 11] The process of the thin film transistor according to claim 9 to which laser is characterized by 
being an argon laser. 

[Claim 12] The process of the thin film transistor according to claim 8 characterized by heating 
crystalline substance silicon by high frequency induction heating. 

[Claim 13] The process of the thin film transistor characterized by performing exposure and threshold 
control of a thin film transistor for a neutron in the channel section of crystalline substance silicon. 
[Claim 14] The process of the thin film transistor according to claim 13 characterized by heat-treating in 
a vacuum or an inert atmosphere above 600 degrees C after neutron irradiation. 
[Claim 15] The silicon film which has a flat front face is formed on a substrate, then, the ion 
implantation of the oxygen ion is carried out to a depth of about lOOnm or more from the surface of this 
silicon film, and then it is melting about this silicon film. - Process of the thin film transistor 
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characterized by including the process in which make it crystalize and the crystalline substance silicon 
film is obtained. 

[Claim 16] the silicon film which has a flat front face on a substrate - forming the next - this 
substrate 500 degrees C from - 600 degrees C Maintaining at the constant temperature of a between 
The ion implantation of the oxygen ion is carried out to a depth of about lOOnm or more from the 
surface of this silicon film, and then it is this substrate About 600 degrees C At the above temperature It 
heat-treats for about 10 hours or more, then laser light is irradiated, and it is melting about the silicon 
film. - Process of the thin film transistor characterized by including the process in which make it 
crystalize and the crystalline substance silicon film is obtained. 

[Claim 17] The process of a thin film transistor given in claims 15 and 16 characterized by a substrate 
being borosilicate system glass. [Claim 1 8] The process of the thin film transistor according to claim 16 
to which laser is characterized by being an excimer laser. 

[Claim 19] The process of the thin film transistor according to claim 16 to which laser is characterized 
by being an argon laser. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the basic technique of a thin film transistor (TFT) of 
having a field effect transistor (FET) function. Furthermore, this invention relates to the polycrystalline 
silicon TFT formed at the highest process temperature of about 650 degrees C or less. The temperature 
of about 650 degrees C is a maximum temperature which commercial borosilicate glass can bear. 
Especially, it is further related [ the stabilizing treatment of improvement in the surface surface 
smoothness of polycrystalline silicon, the interior of a gate insulating layer, and a gate insulating-layer- 
polycrystalline silicon interface, and ] with the repeatability of a threshold about reservation of the 
repeatability of the Fermi level of the homogeneity doping method of the channel section, and the carrier 
of the channel section. 
[0002] 

[Description of the Prior Art] About a Prior art, it is detailed to "Digest of Technical Papers;AM-LCD 
98." Moreover, the process of common knowledge of TFT is also described. 
[0003] The backbone slack polycrystalline silicon of TFT is because crystallization is made on a 
substrate (for example, after forming amorphous silicon). For surface flattening of the crystallized 
polycrystalline silicon, around 1996, the cap by diacid-ized silicon etc. is formed on amorphous silicon, 
and melting and crystallization of will be done in the case of laser radiation. There is no big technical 
progress after it. 

[0004] In addition, also in the TFT process which includes acquiring momentary rapid melting and 
momentary solidification, and crystallization with polycrystalline silicon by laser radiation also in this 
case, the maximum temperature of a stationary process can be held down to about 650 degrees C. In 
fact, because an instant and melting silicon touch the substrate (i.e., an instant), a substrate costs the 
temperature of about 1400 degrees C or more. 

[0005] Heat-resistant borosilicate glass is used and a substrate is usually borne at an instant, for 
example, 1400-degree C heat. As temperature borne regularly, when a glass substrate is set to the 
general Corning, Inc. make and #1737, about 650 degrees C is a limitation. Restricting the maximum 
temperature of a stationary process to about 650 degrees C in this semantics has large semantics. 
Especially the stabilizing treatment of the interior of a gate insulating layer and a gate insulating-layer- 
polycrystalline silicon interface is not made. In the case of a reverse stagger mold, it is thought that it is 
made by heat treatment to some extent as a subprocess of a process by the laser radiation of amorphous 
silicon in the case of momentary rapid melting. 

[0006] Moreover, doping is made by the ion implantation. For formation of complementary MOS, a 
threshold needs to arrange correctly within and without V [ about 1 .5 ]. (TFT moves in in alder 
SUMENTO mode altogether.) 

[0007] In the thin film transistor formed through such a process, the homogeneity and the dependability 
of a property of the electrical characteristics of TFT in an initial property always pose a problem. The 
homogeneity of said electrical characteristics is mainly evaluated paying attention to the gate voltage 
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corresponding to a standup, i.e., the gate threshold, of a drain current in the drain current-gate voltage 

characteristic. Dependability is evaluated paying attention to aging of this threshold. 

[0008] 

[Problem(s) to be Solved by the Invention] first, ** which constitutes TFT — it needs to be flat. Extent 
of the irregularity of the front face of polycrystalline silicon has the critical defect of an electron, an 
electron hole, etc. being poured into an ununiformity according to the channel effect etc. in the case of 
influencing greatly in the mobility of a carrier, and the ion implantation to this polycrystalline silicon. It 
is in the inclination to be hard to attain homogeneity doping by the ion implantation, therefore it to serve 
as variation size of the threshold of FET for the irregularity of the polycrystalline silicon film etc. 
[0009] A configuration sectional view shows this situation to [ drawing 1 ]. In this drawing, the silicon 
film with which 1 was used as the substrate and the sediment of 2 was carried out first, and 3 are 
scanned with the excimer laser of for example, a chlorination xenon, and are melting and the crystalline 
substance silicon film which it recrystallized. 

[0010] In this drawing, in the usual technique, the roughness of the front face of the silicon film by 
chemical vapor deposition (CVD method) etc. by which sediment was carried out is about 0.001 
micrometers, when thickness is set to about 0.05 micrometers. The irregularity of melting and the 
crystalline substance silicon film which it recrystallized is a trough and a crest, and amounts to about 
0.05 micrometers. That is, the irregularity of thickness extent arises. It is understood that this place to 
which it therefore comes is intense convection-current movement of a silicon atom in the case of 
momentary melting. That is, migration by convection-current movement of a silicon atom is large, and 
is connected with irregularity. This is a conclusion from observation in the case of the crystal growth by 
the Czochrlski method of a silicon single crystal ingot. 

[001 1] Moreover, the following observation also serves as backing of the upper argument. That is, when 
the silicon film by which sediment was carried out is gradually crystallized by heat-treating at about 800 
degrees C or more below the melting point of silicon for several hours to about 100 hours, flat [ of the 
front face of the obtained crystalline substance silicon film ] is saved. This needs to use an expensive 
quartz plate as a substrate. 

[0012] The examined approach will be being the diacid-ized silicon film and cap film, such as a silicon 
nitride film, and carrying out by covering the silicon film in the case of melting and recrystallization by 
laser radiation, around 1995 because of improvement in the surface surface smoothness of this melting 
and the crystalline substance silicon film which it recrystallized. If a result does not lower the exposure 
power of laser light, the fatal difficulty that said cap film breaks will happen. Moreover, if laser power is 
lowered, the problem that melting and recrystallization do not take place enough will be derived. The 
cracks of said cap film are idea ** when it originates in the intense convection current of the silicon 
atom of a melting condition. 

[0013] Especially, in the case of the stagger mold TFT (top gate TFT), the channel section the carrier of 
an MOS property runs poses a great problem, because is rich in irregularity. Of course, also in the 
reverse stagger mold TFT (undershirt gate TFT), the heterogeneity of an ion implantation etc. has many 
problems. 

[0014] This problem is considered that a clear cut end does not exist with the conventional method. 
[0015] Moreover, in an integrated-circuit (IC) technique, a gate insulating layer is obtained by being an 
ambient atmosphere containing a steam, and warming and oxidizing single crystal silicon thermally at 
about 1 100 degrees C or more. It is thought by this temperature processing that it has acquired the 
precise gate insulating layer with little electric level and the stable gate insulating-layer-polycrystalline 
silicon interface with little level. 

[0016] However, in TFT using the polycrystalline silicon whose formation temperature which requires 
this invention is low temperature comparatively, especially the stabilizing treatment of the interior of a 
gate insulating layer and a gate insulating-layer-polycrystalline silicon interface is not made. Especially, 
in the case of the stagger mold TFT, that is right. In the case of a reverse stagger mold, it is thought that 
it is made by heat treatment to some extent as a subprocess of a process by the laser radiation of 
amorphous silicon in the case of momentary rapid melting. However, in the case of this reverse stagger, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/8/2005 



JP,2000-294793,A [DETAILED DESCRIPTION] 



Page 3 of 1 4 



the present condition is that optimization is not made. This affects the dependability of TFT. 
[0017] Moreover, ion implantations controlled by the channel section of TFT, such as control of the 
threshold of TFT, are made. The semi-conductor section is polycrystalline silicon and uniform 
impregnation is rather difficult by existence of a grain boundary at the channel effect etc. Moreover, the 
activation degree of an impregnation kind is also influenced in the grain boundary, and serves as doping 
with a local shade. Moreover, in the case of the TFT technique related to this invention, heat treatment 
temperature for activation cannot be raised enough. Therefore, the rate of activation differs in about 
50%. This means existence of the impurity atom which is not activated, this causes dispersion of a 
carrier and the mobility of a carrier deteriorates so much. In the Nor Marie condition of TFT, a threshold 
needs to arrange correctly within and without V [ about 1.5 ] for formation of complementary MOS 
which controlled power consumption. That is especially right when meaning construction of a digital 
disposal circuit now especially. 

[0018] The process of melting and recrystallization is an instant. For example, when based on an 
excimer laser, pulse width is about 50n second from lOn second. That is, from a thermal equilibrium 
process, it is a far process. Therefore, it is hard to secure the repeatability of the control of this process 
by details ****. For example, control of the temporal response of the exposure power in pulse width, the 
control of the peak value of exposure power of a problem being in repeatability, etc. are well-known. 
Therefore there is a limit in the repeatability of the band structure of the carrier of melting and the 
crystalline substance silicon film which it recrystallized. For example, it is difficult to always reappear 
in the same situations, such as a crystal defect. Therefore, repeatability, such as a Fermi level of a 
carrier, is difficult, and when this thing is used as a channel, variation arises in a threshold. 
[0019] Conventionally, the homogeneity of the initial property of TFT was inadequate. When it is going 
to constitute a circuit from this TFT group, although less than [ **0.1 V ] is required for dispersion in 
said threshold first of all, it is the present condition and more than **0.5V. Moreover, dependability is 
estimated by for example, the BTS method (Bias Temperature Stress law) by migration of threshold 
voltage 100 degrees C of concrete conditions are about 10V and the thing impressed for 30 minutes 
between the gate, the source and the gate, and a drain. The movement magnitude of a next threshold 
estimates dependability. This dependability is also insufficient. Although a need property is made into 
the threshold shift and less than [ 0.1 V ] is required for it, there are about [ V or more ] 0.5 in the present 

condition: . . . _ 

[0020] The upper limit of said threshold dispersion demanded and **0.1 V originate in formation of 

CMOS (complementary MOS). . . 

[0021] Especially, in the case of the stagger mold (= top gate) structure TFT, it is guessed from results, 
such as high sensitivity SIMS (secondary ion mass spectrograph), that advance of diffusion of the 
impurity to the polycrystalline silicon layer from a substrate is the cause of aggravation of said 
dependability (Japan Society of Applied Physics data). 

[Means for Solving the Problem] It is melting, controlling [ in order to solve said technical problem, this 
invention forms the silicon film which has a fiat front face on a substrate, and ] convection-current 
migration of a silicon atom then. - The process of a thin film transistor which is crystallized and obtains 
the crystalline substance silicon film is offered. 

[0023] Furthermore, this invention is melting, forming on a substrate the silicon film which has a flat 
front face, then forming gate dielectric film, and controlling convection-current migration of a silicon 
atom further. - The process of a thin film transistor which is crystallized and obtains the crystalline 
substance silicon film is shown. u 
[0024] Moreover, it is desirable to make melting of said silicon film by laser radiation. Moreover, when 
it sees from the relation of absorption of the energy of the silicon film, it is, It is desirable for laser to be 
an excimer laser. Especially, a thing with an oscillation wavelength of about about 300nm is desirable. 
Moreover, in order to ease the irregularity of melting and the solidified silicon film, the high power laser 
of continuous oscillation is desirable, and it is desirable to use an argon laser at this point. 
[0025] This invention proposes the process of a thin film transistor which impresses a magnetic field 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/8/2005 



JP,2000-294793,A [DETAILED DESCRIPTION] 



Page 4 of 1 4 



using the diamagnetism of a silicon atom, in order to control convection-current migration of the silicon 
atom at the time of melting-crystallization. In the fusion zone of the silicon film, about 2000 gauss or 
more of flux density are desirable. 

[0026] This invention proposes spraying high-pressure force inert gas as another means to control the 
convection current, at the time of melting-crystallization. 

[0027] Furthermore for stabilization of the interface of gate dielectric film, and this and crystalline 
substance silicon, this invention carries out the process of a thin film transistor which heats crystalline 
substance silicon at about 1000 degrees C or more and about 1400 degrees C or less for whether being 
** momentarily after gate-dielectric-film formation. Under the present circumstances, it is simple that 
crystalline substance silicon is heated by laser radiation. An excimer laser thru/or an argon laser are 
mentioned similarly [ the above-mentioned argument ] as desirable laser. Another desirable approach is 
carrying out high-frequency heating of the crystalline substance silicon. 

[0028] Moreover, this invention offers the process of a thin film transistor which irradiates a neutron 
beam at the channel section of crystalline substance silicon, although it moreover almost has n mold 
impurity at 100% of rate of activity at homogeneity and it is introduced without heat treatment for 
activation for threshold control of TFT. The thermal neutron of a neutron is desirable, furthermore, in 
order to prevent recovery of the radiation damage of the silicon film, and the bad influence of an oxygen 
impurity defect (usually — an oxygen atom — abbreviation, 10 A 18 atom /cm A — contained two or more) 
after this, it is 600 degrees C or more after neutron irradiation, and it is almost indispensable to heat-treat 
crystalline substance silicon in a vacuum or an inert atmosphere. 

[0029] Furthermore, in order to solve said technical problem, on a substrate, the silicon film which has a 
flat front face is formed, and then the ion implantation of the oxygen ion is carried out to a depth of 
about lOOnm or more from the surface of this silicon film, and then, it is melting about this silicon film. 
- The process of a thin film transistor which includes the process in which make it crystalize and the 
crystalline substance silicon film is obtained is clarified. 

[0030] The silicon film which has a flat front face is more specifically formed on a substrate, and then it 
is this substrate 500 to 600 degrees C Maintaining at the constant temperature of a between The ion 
implantation of the oxygen ion is carried out to a depth of about lOOnm or more from the surface of this 
silicon film, and then it is this substrate About 600 degrees C At the above temperature It heat-treats for 
about 10 hours or more, then laser light is irradiated, and it is melting about the silicon film. - The 
technique of including the process in which make it crystallize and the crystalline substance silicon film 
is obtained is shown. 

[0031] Under the present circumstances, as a substrate, it sees from cost and borosilicate system glass is 

desirable. Moreover, as laser, an excimer laser or an argon laser is desirable. 

[0032] 

[Embodiment of the Invention] This invention is explained more concretely than the following. 
[0033] A substrate top, rapid melting - It deals in the irregularity of the free surface (field which touched 
the air by the side of a substrate and reverse) of the crystallized crystalline substance silicon film with 
the above-mentioned argument, and it originates in the rapid migration by the convection current of the 
silicon atom at the time of fusing. Therefore, by consideration, in order to acquire a smoother free 
surface, it proposes controlling migration of the silicon atom in melting silicon. 

[0034] By [ which write ] carrying out, the impregnation consistency in the case of an ion implantation 
and the local heterogeneity of activation of an impregnation kind are improvable. That is, the situation of 
impregnation becomes an ununiformity with the extreme heterogeneity of silicon thickness. Moreover, it 
is easy to segregate the impregnation kind in an INTASUCHISSHARU location etc. to concave heights 
in the case of activation by the heat of an impregnation kind. 

[0035] Moreover, the mobility of electron of a carrier is [ deteriorating by the concave convexity of the 
channel section which this runs ] well-known. Moreover, at the time of actuation of TFT by which gate 
dielectric film was formed in this, electric field concentrate on the depression of heights ****** 0 r a 
crevice, and cause degradation. This invention improves these. 

[0036] This is considered from experience of the Czochralski method of a silicon single crystal, and has 
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the secondary advantage that the diffusion to the crystalline substance silicon film of the oxygen atom 
from a substrate can be controlled again. 

[0037] Moreover, outstanding technique is clarified about the case of a stagger mold, i.e., a top gate 
mold. The silicon film is formed on a substrate by chemical vapor deposition (CVD method), plasma 
ASHISUTIDDO chemical vapor deposition (plasma-CVD method), or the sputtering technique. The 
silicon film at this time is an amorphous substance or nature silicon film of a microcrystal, and the front 
face is very smooth. When irregularity plans thickness of the silicon film with a level difference plan in 
the case of about 50nm, it is 0.5nm or less, the film corresponding to gate dielectric film with a 
thickness of about lOOnm next — the whole surface — it forms. For example, as for this gate dielectric 
film, the diacid-ized silicon film, 5 tantalum oxide film, the aluminum-oxide film, a silicon nitride film, 
etc. are used. As for the formation technique, a CVD method, a plasma-CVD method, a sputtering 
technique, etc. are used. The film by the plasma-CVD method of a tetra-ethoxy silane was excellent. 
[0038] Then, they are an instant and heating about the silicon film. - It is made to cool, namely, is 
melting. - It is made to crystallize and crystalline substance silicon is obtained. In the moment of this 
melting, this invention is just going for carrying out by devising the technique of controlling convection- 
current migration of a silicon atom to claim. 

[0039] The above-mentioned argument is materialized about this. And gate dielectric film and a gate- 
dielectric-film-silicon film interface are exposed to the momentary elevated temperature in the case of 
melting of the silicon film, therefore, the electronic energy level resulting from incompleteness, such as 
gate dielectric film and an interface, — being certain — it is ******( e d) and reduced. The defect resulting 
from the oxygen atom of the minute amount which still exists especially is extinguished. And 450 
degrees C or less quench from the temperature of 1000 degrees C or more. Therefore, spare time of 
generating of the donor level by the oxygen atom of ultralow volume is not given. 
[0040] Although this kind of examination was performed conventionally, gate dielectric film was 
destroyed by sufficient sudden heating by laser etc., and quenching, for example. This thought that 
migration of a silicon atom was intense and the film was damaged by melting of the silicon film by 
sudden heating. In view of this, this invention was made and did not occur this **** convenience in 
operation of this invention. 

[0041] The semantics which mitigates a thermal load to a substrate was made by laser radiation, and 
melting of such silicon film had it. [ desirable ] Moreover, as such laser, it is the semantics which makes 
energy-absorbing perform only on the silicon film, namely, is the semantics which makes slight 
absorption of the Corning, Inc. make and #1 737 grade, and short wavelength light laser thru/or 
ultraviolet laser are desirable. An excimer laser and an argon laser are desirable at this point. 
[0042] In order to control convection-current migration of a silicon atom in the moment of melting of 
the silicon film, more specifically, it is impressing a magnetic field to this fusion zone between melting. 
It is a static magnetic field desirably and it is desirable as magnetic flux for an parallel component to be 
in the silicon film. Moreover, on an experiment, about 2500 gauss or more of magnetic field strength are 
desirable. 

[0043] That the convection current is controlled now understands that it is based on the diamagnetism of 
a silicon atom. 

[0044] moreover, the case where the display flatness of the crystalline substance silicon film (about 
50nm of thickness) of which melting-crystallization was done enlarges magnetic field strength enough - 
irregularity ~ carrying out - about 3nm or less - it was able to carry out. This improves sharply 
compared with the former. 

[0045] Moreover, according to secondary high sensitivity ion mass analysis (high sensitivity SIMS), the 
single or more figures content of impurity oxygen had decreased as compared with the case where this 
magnetic field impression is not made. It is thought that this oxygen is probably coming from the 
substrate. When the Corning, Inc. make and #1737 glass were used, the single or more figures impurity 
considered to be boron microscopic in addition to oxygen and diffusion from substrate ingredients, such 
as barium, had also decreased the substrate. 

[0046] This technique forms gate dielectric film on the silicon film, and is after it and melting. - 
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Remarkable effectiveness is demonstrated also when crystallizing. 
[0047] It explains more concretely. 

[0048] The technique of controlling the rapid migration by the convection current of the silicon atom at 
the time of impressing and fusing a static magnetic field is explained in the case of melting- 
crystallization of the silicon film. A configuration sectional view shows three sorts of methods (a), (b), 
and (c) to [ drawing 2 ]. the silicon film with which the sediment of a substrate and 5 was carried out for 
4 in this drawing, and 6 -- a core and 7 .-- the coil for electromagnets, and 8 - a core and 9 the coil for 
electromagnets, and 1 0 -- laser light and 1 1 - for the coil for electromagnets, and 14, as for a core and 
16, laser light and 15 are [ a core and 12 / pole piece and 13 / the coil for electromagnets and 17 ] laser 

[0049] On the Corning, Inc. make, borosilicate glass, and #1737, with the sputtering system, it covered 
with the diacid-ized silicon film with a thickness of about 500nm, and considered as the substrate 4. 
About 50nm amorphous silicon film was made into the substrate temperature of about 320 degrees C, 
and was formed in this by the plasma-CVD method. This CVD condition makes the amount of content 
hydrogen about 0.5% or less. It formed from the block of the soft iron of cores 6 and 1 1 and 15 **, or 
the pipe. Coils 7, 13, and 16 were wound around these, and it considered as the electromagnet. 
Moreover, for concentration of magnetic flux, and directional control, by a part of examination, the pole 
piece 12 which consists of soft iron was formed, as shown in this drawing. 

[0050] It is rapid on a substrate. It deals in the irregularity of the free surface (field which touched the air 
by the side of a substrate and reverse) of the crystalline substance silicon film carried out with the 
above-mentioned argument, and it originates in the rapid migration by the convection current of the 
silicon atom at the time of fusing. Therefore, by consideration, in order to acquire a smoother free 
surface, it proposes controlling migration of the silicon atom in melting silicon. 

[0051] By [ which write ] carrying out, the impregnation consistency in the case of an ion implantation 
and the local heterogeneity of activation of an impregnation kind are improvable. That is, the situation of 
impregnation becomes an ununiformity with the extreme heterogeneity of silicon thickness. Moreover, it 
is easy to segregate the impregnation kind in an INTASUCHISSHARU location etc. to concave heights 
in the case of activation by the heat of an impregnation kind. 

[0052] Moreover, the mobility of electron of a carrier is [ deteriorating by the concave convexity of the 
channel section which this runs ] well-known. Moreover, at the time of actuation of TFT by which gate 
dielectric film was formed in this, electric field concentrate on the depression of heights ****** or a 
crevice, and cause degradation. This invention improves these. 

[0053] This is considered from experience of the Czochralski method of a silicon single crystal, and has 
the secondary advantage that the diffusion to the crystalline substance silicon film of the oxygen atom 
from a substrate can be controlled again. 

[0054] Moreover, outstanding technique is clarified about the case of a stagger mold, i.e., a top gate 
mold. The silicon film is formed on a substrate by chemical vapor deposition (CVD method), plasma 
ASHISUTIDDO chemical vapor deposition (plasma-CVD method), or the sputtering technique. The 
silicon film at this time is an amorphous substance or nature silicon film of a microcrystal, and the front 
face is very smooth. When irregularity plans thickness of the silicon film with a level difference plan in 
the case of about 50nm, it is 0.5nm or less, the film corresponding to gate dielectric film with a 
thickness of about lOOnm next - the whole surface it forms. For example, as for this gate dielectric 
film, the diacid-ized silicon film, 5 tantalum oxide film, the aluminum-oxide film, a silicon nitride film, 
etc. are used. As for the formation technique, a CVD method, a plasma-CVD method, a sputtering 
technique, etc. are used. The film by the plasma-CVD method of a tetra-ethoxy silane was excellent. 
[0055] Then, they are an instant and heating about the silicon film. - It is made to cool, namely, is 
melting. - It is made to crystallize and crystalline substance silicon is obtained. In the moment of this 
melting, this invention is just going for carrying out by devising the technique of controlling convection- 
current migration of a silicon atom to claim. 

[0056] The above-mentioned argument is materialized about this. And gate dielectric film and a gate- 
dielectric-film-silicon film interface are exposed to the momentary elevated temperature in the case of 
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melting of the silicon film, therefore, the electronic energy level resulting from incompleteness, such as 
gate dielectric film and an interface, being certain - it is ******( e d) and reduced. The defect resulting 
from the oxygen atom of the minute amount which still exists especially is extinguished. And 450 
degrees C or less quench from the temperature of 1000 degrees C or more. Therefore, spare time of 
generating of the donor level by the oxygen atom of ultralow volume is not given. 
[0057] Although this kind of examination was performed conventionally, gate dielectric film was 
destroyed by sufficient sudden heating by laser etc., and quenching, for example. This thought that 
migration of a silicon atom was intense and the film was damaged by melting of the silicon film by 
sudden heating. In view of this, this invention was made and did not occur this **** convenience in 
operation of this invention. <BR> [0058] The semantics which mitigates a thermal load to a substrate 
was made by laser radiation, and melting of such silicon film had it. [ desirable ] Moreover, as such 
laser, it is the semantics which makes energy-absorbing perform only on the silicon film, namely, is the 
semantics which makes slight absorption of the Corning, Inc. make and #1737 grade, and short 
wavelength light laser thru/or ultraviolet laser are desirable. An excimer laser and an argon laser are 
desirable at this point. 

[0059] In order to control convection-current migration of a silicon atom in the moment of melting of 
the silicon film, more specifically, it is impressing a magnetic field to this fusion zone between melting. 
It is a static magnetic field desirably and it is desirable as magnetic flux for an parallel component to be 
in the silicon film. Moreover, on an experiment, about 2500 gauss or more of magnetic field strength are 
desirable. 

[0060] That the convection current is controlled now understands that it is based on the diamagnetism of 
a silicon atom. 

[0061] moreover, the case where the display flatness of the crystalline substance silicon film (about 
50nm of thickness) of which melting-crystallization was done enlarges magnetic field strength enough - 
irregularity carrying out - about 3nm or less - it was able to carry out. This improves sharply 
compared with the former. 

[0062] Moreover, according to secondary high sensitivity ion mass analysis (high sensitivity SIMS), the 
single or more figures content of impurity oxygen had decreased as compared with the case where this 
magnetic field impression is not made. It is thought that this oxygen is probably coming from the 
substrate. When the Corning, Inc. make and #1737 glass were used, the single or more figures impurity 
considered to be boron microscopic in addition to oxygen and diffusion from substrate ingredients, such 
as barium, had also decreased the substrate. 

[0063] This technique forms gate dielectric film on the silicon film, and is after it and melting. - 
Remarkable effectiveness is demonstrated also when crystallizing. 

[0064] It explains more concretely than (an example 1). [ Drawing 2 ], (a), (b), and (c) are the 
configuration sectional views for explaining this invention. 

[0065] The borosilicate glass of low alkali and #1737 came to hand from Corning, Inc. By the product 
made from a Japanese vacuum, the RF sputtering system, and the sputtering technique that used SPF- 
312, about 600nm diacid-ized silicon layer was formed in the whole surface, and it considered as the 
substrate 4 at this. About 60nm amorphous silicon film was formed in this. Although this is formed by 
the CVD method, a plasma-CVD method, etc., it is made in a SAMUKO international lab and the 
plasma-CVD method which used PD-2400 here, however usually carried out the sediment of the 
substrate temperature as about 330 degrees C. The amount of hydrogen in the silicon film by which 
sediment was carried out on this condition is small. Moreover, as surface display flatness of the silicon 
film by which sediment was carried out, it is scanning electron microscope observation and thing about 
20nm or less is obtained easily. Micro processing of this silicon film was carried out to the shape of an 
island by the well-known approach. 

[0066] The electromagnet for generating magnetic flux twisted and formed the coil in cores 6, 8, 11, and 
15, i.e., a soft iron block, or hollow tubing. In order to centralize magnetic flux, the pole piece 12 and 16 
made of soft iron was formed in the core by the case. 

[0067] Three sorts of magnetic field impressing methods (a), (b), and (c) were examined about the 
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situation of how, i.e., magnetic flux, to apply a static magnetic field at the time of a laser light exposure. 
[0068] ( Drawing 2 ) In (a), the electromagnet of the substrate upper and lower sides examined the case 
where N pole, N pole or the south pole, and the south pole counter, and the case where it was made for a 
different polar magnetic pole, i.e., N pole and the south pole, to counter so that the same **** might 
counter. Flux density near the glass was locally made into about 4000 gauss or more as a result of the 
simulation-evaluation by the hall device. When the magnetic pole of like-pole nature counters as a result 
of easy simulation, the line of magnetic force near the substrate has a component parallel to a substrate, 
and a perpendicular component, and when the magnetic pole of heteropolarity counters, a component 
perpendicular to a substrate becomes main [ near the substrate ]. ( Drawing 2 ) In (b), it aims at 
centralizing magnetic flux parallel to a substrate near the substrate. For this reason, the pole piece 12 
made of soft iron was formed. Flux density was about 3500 gauss. Moreover, also in (( drawing 2 ) c), it 
had the same effectiveness as (b). However, in arrangement with the instrument for the exposure of laser 
light by the reason which formed the electromagnet in the substrate background, (c) has the advantage of 
becoming simple from (b). 

[0069] In addition, at the time of melting-solidification crystallization of the silicon film, it is essence 
that static magnetic field several 1 000 gauss or more exists, for example, in the case of the small area 
substrate of about 40cm angle extent, this invention can also give a magnetic field somewhat 
economically to a melting-solidification crystallization part with the usual electromagnet or the 
electromagnet by the superconducting coil. Of course, it becomes line of magnetic force parallel to a 
silicon film surface on account of the exposure of laser light in this case. This invention also contains 
these. 

[0070] It was based on a chlorination chloride excimer laser, the product made from lambda FIJIKUSU, 
and EMG-203MSG as laser. Wavelength was about 300nm. On this wavelength, absorption of the 
silicon film is restricted to about about 50nm of surfaces. About 40 shots irradiated per [ of laser ] shot, 
and on condition that 220 mJ/cm A 2. Pulse width was about 35n second. The ambient atmosphere was an 
argon ambient atmosphere of abbreviation 10 A -3torr. At this time, it checked in another experiment that 
the silicon film fused on this condition. 

[0071] First, this invention impresses a sink and a static magnetic field to a coil for a current locally so 
that it may become abbreviation and 3500 gauss - 4000 gauss about flux density to the part of the silicon 
film which irradiates laser. Next, excimer laser light is irradiated to this part on condition that the above- 
mentioned. Furthermore, a static magnetic field is maintained for about 5 microseconds during an 
exposure and after an exposure. From measurement of the reflected light of the silicon film, it solidifies 
and crystallizes in about 1 - 2 microseconds after termination of laser radiation. 

[0072] In addition, the process of melting-crystallization by the laser light of a conventional method is 
only the exposure of laser light. That is, this invention has essence in the place which combined this. 
[0073] According to observation with an atomic force microscope, the smooth nature of the surface of 
the obtained crystalline substance silicon film was about 3nm or less. In arrangement of (( drawing 2 ) b) 
and (c), especially smooth nature is about Inm or less. ( Drawing 2 ) It was better for smooth nature to 
make it the same magnetic pole in (a), rather than it makes the magnetic pole of the substrate upper and 
lower sides into reversed polarity. These things have suggested giving a result with the desirable one 
where line of magnetic force is more nearly parallel to a substrate. It seems that furthermore, it has 
suggested that a silicon atom is restrained by line of magnetic force on account of the diamagnetism of 
the electron orbit of a silicon atom. 

[0074] Then, gate dielectric film is formed by the well-known approach, i.e., the plasma CVD of a tetra- 
ethoxy silane (TEOS)-ozone system. Furthermore by the well-known approach, the stagger mold (top 
gate mold) TFT was formed. 

[0075] The mobility of the carrier of the TFT channel section improved about 40% compared with the 
former. Especially, in TFT corresponding to (( drawing 2 ) b) and (c), mobility improved about 70%. 
This has the smooth nature and parallel relation of the crystalline substance silicon film. 
[0076] According to analysis of the crystalline substance silicon film by secondary high sensitivity ion 
mass analysis (high sensitivity SIMS), the oxygen density in the film was low figures double [ about ] 
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compared with the former. Although the oxygen in crystal silicon works as a donor in many cases and 
the turbulence of the control of doping from the outside is usually carried out conventionally, this 
invention avoids this to some extent. 

[0077] (Example 2) [ Drawing 3 ], (a), (b), and (c) are the configuration sectional views for explaining 
this invention, the silicon film with which the sediment of a substrate and 20 was carried out for 19 in 
this drawing, and 21 - the cap film (thing used as gate dielectric film), and 22 - a core and 23 -- the coil 
for electromagnets, and 24 - a core and 25 the coil for electromagnets, and 26 - laser light and 27 - a 
core and 28 for laser light and 31, as for pole piece and 33, a core and 32 are [ pole piece and 29 / coil 
for electromagnets and 30 / the coil for electromagnets and 34 ] laser light. 

[0078] The amorphous silicon film was formed like the example 1 . Next, in the case of the diacid-ized 
silicon film which turns into gate dielectric film by the plasma-CVD method of a tetra-ethoxy silane 
(TEOS)-ozone system, and a parenthesis, the cap film forms the diacid-ized silicon film. The equipment 
used was made in SAMUKO International Lab, a liquid source CVD system, and PD-240. They could 
be thickness and about 1 OOnm. 

[0079] About 3000 static magnetic field was impressed to this like the example 1 at coincidence at the 
exposure section, irradiating the laser of the same power. This situation is typically shown in (( drawing 
3) a) -(c). 

[0080] Of course, there is no proof of melting in this case at laser radiation with the upper diacid-ized 
silicon film of this level, of course (although the melting point is not clear, the temperature of the upper 
softening is actually lower than silicon a little.). However, since the laser absorption of light is slight, it 
is not heated so far. Conventionally, on condition that such a laser light, inner silicon fuses and the upper 
gate-dielectric-film slack film is destroyed by intense migration of the silicon atom in this case. 
However, in this invention, destruction is not seen at all. That is, it is thought that intense migration of a 
silicon atom was controlled. It was more desirable for a substrate parallel component to be in magnetic 
flux. 

[0081] Moreover, the interface of gate dielectric film, and the this and the silicon film receives heat 
treatment of about 1400 degrees C. This has the effectiveness which eliminates level in gate dielectric 
film, such as level, such as an interface, etc. There is semantics from which these 1400 degrees C 
become being about 1000 degrees C or more size, namely, heat treatment of 1000 degrees C or less - 
setting ~ about 10 A 1 8-/cm A ~ it prevents a certain oxygen atom donor-izing about three. 
[0082] Moreover, in the moment of melting of the silicon film, another approach of controlling 
convection-current migration of a silicon atom is spraying high-pressure inert gas on this fusion zone 
between melting, as inert gas - high grade argon gas - it is desirable to use the high grade argon gas 
containing to remain as it is or high grade hydrogen gas. About two or more atmospheric pressures of a 
pressure are desirable (a background ambient atmosphere is one or less atmospheric pressure). 
[0083] Moreover, in the moment of melting of the silicon film, in order to control convection-current 
migration of a silicon atom, it is spraying high-pressure inert gas on this fusion zone between melting, as 
inert gas - high grade argon gas - it is desirable to use the high grade argon gas containing to remain as 
it is or high grade hydrogen gas. About two or more atmospheric pressures of a pressure are desirable (a 
background ambient atmosphere is one atmospheric pressure and the following). 

[0084] (Example 3) [ Drawing 4 ] for explaining how controlling migration by the convection current of 
a silicon atom in the case of melting-solidification crystallization of the silicon film is a configuration 
sectional view. For a substrate and 36, as for a high-pressure gas installation pipe and 38, in this 
drawing, the silicon film and 37 are [ 35 / a high-pressure gas and 39 ] laser light. 
[0085] Creation of the amorphous silicon film was created like (the example 1). The ambient 
atmosphere of this amorphous silicon film is permuted so that it may become the argon of one 
atmospheric pressure. Next, they are an exposure and melting about laser light like (an example 1). - It is 
made to crystallize. Laser was based on the NEC make, an argon laser, and GLG-3202. High-pressure 
argon gas (about 4 atmospheric pressures) is turned to the exposure section, and making it blow off from 
pore in time from just before a leather exposure to after [ laser radiation termination ] several m seconds 
is continued. 
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[0086] Surface concave convexity of a result and the crystallization silicon film was able to be set to 
about 5nm or less. 

[0087] Next, it is melting. - After forming gate dielectric film on the crystallized crystalline substance 
silicon, in order to decrease the defect leading to impure energy levels, such as an interface of a silicon- 
insulator layer, and a carrier trap of an insulator layer, heating crystalline substance silicon in an instant 
at about 1000 degrees C or more and about 1400 degrees C or less has the decisive effectiveness of 
reservation of the dependability of mobility, and the repeatability of the threshold of a TFT property in 
improvement in mobility, the repeatability of mobility, and a pan. According to evaluation of an outline, 
abbreviation, 1000 degrees C or more, and about 1400 degrees C or less have [ this heating ] desirable 
crystalline substance silicon. When it is made 1400 degrees C or more, crystalline substance silicon 
remelts and cautions are considerably needed for control of a process (for example, irregularity etc.). 
[0088] Probably, backing of the effectiveness of this is considered to be as follows. According to 
analysis, above 1000 degrees C, it dissolves, and the oxygen about abbreviation 10 A 16-10 A 17/cm A 3 and 
included in crystalline substance silicon does not become a donor, but is defanged. However, in heat 
treatment of the temperature not more than this, although a property is improved rather than it does not 
do, an oxygen atom deposits as a minute defect, and it comes to carry out donor-behavior. This controls 
the mobility of a carrier and fluctuates a threshold. 

[0089] This heating has advantageous local heating and this point laser and its high-frequency heating 
are desirable. As laser, the excimer laser from the point of absorption of the silicon film and the argon 
laser were desirable, and RF heat had a little more than about 100kHz desirable microwave. 
[0090] Melting - After forming gate dielectric film on the crystallized crystalline substance silicon, in 
order to decrease the defect leading to impure energy levels, such as an interface of a silicon-insulator 
layer, and a carrier trap of an insulator layer, heating crystalline substance silicon in an instant at about 
1 OOo'degrees C or more and about 1400 degrees C or less has the decisive effectiveness of reservation of 
the dependability of mobility, and the repeatability of the threshold of a TFT property in improvement in 
mobility, the repeatability of mobility, and a pan. According to evaluation of an outline, abbreviation, 
1000 degrees C or more, and about 1400 degrees C or less have [ this heating ] desirable crystalline 
substance silicon. When it is made 1400 degrees C or more, crystalline substance silicon remelts and 
cautions are considerably needed for control of a process (for example, irregularity etc.). 
[0091] Probably, backing of the effectiveness of this is considered to be as follows. According to 
analysis, above 1000 degrees C, it dissolves, and the oxygen about abbreviation 10 A 16-10 A 17/cm A 3 and 
included in crystalline substance silicon does not become a donor, but is defanged. However, in heat 
treatment of the temperature not more than this, although a property is improved rather than it does not 
do, an oxygen atom deposits as a minute defect, and it comes to carry out donor-behavior. This controls 
the mobility of a carrier and fluctuates a threshold. 

[0092] This heating has advantageous local heating and this point laser and its high-frequency heating 
are desirable. As laser, the excimer laser from the point of absorption of the silicon film and the argon 
laser were desirable, and RF heat had a little more than about 100kHz desirable microwave. 
[0093] (Example 4) The configuration sectional view for explaining this about heating crystalline 
substance silicon momentarily aiming at reduction of the inconvenient electron energy level inside after 
gate-dielectric-film formation, this interface, and gate dielectric film in contact with this invention, i.e., 
crystalline substance silicon, and this at about 1000 degrees C or more and about 1400 degrees C or less 
is [ drawing 5 ]. For 40, as for the crystalline substance silicon film and 42, in this drawing, a substrate 
and 41 are [ the cap film for gate dielectric film and 43 ] laser light. 

[0094] First, crystalline substance silicon with a smooth front face is obtained like examples 1-3. If it is 
with the need, gate dielectric film will be deposited and processed into this, and a structure like 
( drawing 5 ) will be obtained. This crystalline substance silicon is heated at about 1000 degrees C or 
more and about 1 400 degrees C or less. 

[0095] It limited to heat treatment of about 1400 degrees C or less for avoiding un-arranging according 
to remelting of crystalline substance silicon. Silicon is mostly fused at a little more than 1400 degrees C. 
Experimentally, the actual condition determined energy impression conditions (laser and high-frequency 
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heating) for the temperature of the boundary line of melting-insoluble ** as about 1400 degrees C. 
About 1000 degrees C was guessed from count. 

[0096] Are about 1000 degrees C and the above heat treatment stabilized truly? TFT which has it come 
to form the source of electrode formation and n+, or p+, and a drain field by the well-known approach 
according to examination — setting — the so-called BT (bias temperature stress) — according to the 
reliability evaluation by law, in heat treatment of 1000 degrees C or less, a comparison, more than twice 
[ about ], and rate of change were stopped. Although it does not understand well about why, the existing 
impurity oxygen atom dissolves above 1000 degrees C, and it is being surmised that 10 A 18 moreover 
does not form an inconvenient electronic energy level. It seems that the donor level originating in 
oxygen is generated in heat treatment of about 900 degrees C by reference. 

[0097] Although it is thought that the crystalline substance silicon film by (examples 1-3) is flat, and 
originates in this, the crack of the cap film for gate dielectric film by this about 1000-degree C heat 
treatment and a crack do not happen at all. About the crystalline substance silicon film by the 
conventional method by (examples 1-3), a crack is often observed after this about 1000-degree C heat 
treatment by the cap film for gate dielectric film. 

[0098] The above excimer lasers and argon lasers are used for momentary about 1000 degrees C or more 
and about 1400 degrees C or less in heating. 

[0099] Moreover, heating was made by about 1000 degrees C or more and about 1400 degrees C or less 
by about 1 10kHz intermittent high-frequency heating. Corresponding drawing was not carried about 
this. Equipment used end-fire array epitaxy equipment, the Kokusai Electric make, and DC5200. The 
result was desirable like the above-mentioned. 

[0100] Moreover, homogeneity doping of polycrystalline silicon is rather difficult so that it may be 
predicted. In order to improve this situation, it proposes performing exposure and threshold control of a 
thin film transistor for a thermal neutron in the channel section of crystalline substance silicon. This 
dopes to homogeneity the phosphorus atom which serves as a donor by nuclear transformation. 
Penetrating power of a thermal neutron is strong, without [ therefore ] interacting with a charged particle 
as it consents. That is, it is unrelated to the grain boundary and silicon thickness, and the thermal neutron 
of a part of transparency is caught by homogeneity in a crystal at a silicon atomic nucleus. 
[0101] The isotope of the mass number 30 of silicon and 30 Si absorb a thermal neutron, and, 
specifically, use carrying out beta disintegration to a phosphorus atom and 3 IP. This half-life is 2.62 
hours, 30 Si is contained in usual silicon 3.09%, and 3 IP are the usual phosphorus atom. This needs to 
note being what changes into the phosphorus of a grid location the silicon atom which is in a crystal 
lattice from the first. That is, like the usual doping, it begins, and many impurity atoms go into the 
location between crystal lattices (INTASUTISSHARU location), and greatly differ from fitting in a grid 
location by heat treatment. 

[0102] The exposure of a thermal neutron is made with a reactor, the cyclotron used also for medical 
application, or neutron radiation equipment. In this example, it was made with the medical-application 
cyclotron. Irradiation time was needed for about 5 hours, and was about about 3xl0 A 13 as result 
phosphorus concentration. Beforehand, this is another examination and is evaluated from the 
temperature dependence of resistivity, and the temperature dependence of mobility. It was understood 
through this examination that uniform doping is made. 

[0103] In addition, although the thermal neutron was irradiated by the substrate, of course, when a 
substrate was set to the Corning, Inc. make and #1737, there was no big problem about residual 
radioactivity. 

[0104] Moreover, heat-treating is desirable after the exposure of this neutron because of recovery of the 
polycrystalline silicon film and the cap film (when becoming gate dielectric film) of radiation damage. 
In order that the oxygen which exists especially may control donor-behavior, heat treatment in a vacuum 
or an inert atmosphere is desirable above 600 degrees C. 

[0105] (Example 5) [ Drawing 6 ] for explaining the neutron irradiation doping method about this 
invention below is a configuration sectional view. For the crystalline substance silicon film and 46, as 
for a neutron beam and 48, in this drawing, the cap film and 47 are [ 44 / a substrate and 45 / a neutron 
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generator and 49 ] the apertures for neutron beam transparency. In addition, in this examination, the 
medical-application cyclotron was used as a neutron generator 48. In this drawing, the neutron generator 
48 is shown typically. 

[0106] Irradiation time was needed for about 5 hours, and then was heat-treated by the lamp annealing 
method at about 800 degrees C for about 2 minutes. The ambient atmosphere was performed in the 
vacuum ambient atmosphere. As result phosphorus concentration, it was about about 3xl0 A 13. 
Beforehand, this is another examination and is evaluated from the temperature dependence of resistivity, 
and the temperature dependence of mobility. It was understood through this examination that doping 
more uniform than before is made from measurement of resistivity etc. Moreover, the reliability 
evaluation of a TFT property which carried out the result was also excellent (based on the BT stress 
method). 

[0107] Heat treatment of about 600 degrees C or more is desirable because of recovery of the 
polycrystalline silicon film assumed at the time of neutron irradiation, and the cap film (when becoming 
the gate film) of radiation damage. In the case of about 600 degrees C - 650 degrees C 5 heat treatment of 
long duration is required. In heat treatment of 600 degrees C or less, the rate of activation deteriorates 
sharply and, moreover, the repeatability of this gets remarkably bad. This was understood from 
resistance measurement. This is greatly related to the variation in a TFT property. 

[0108] When measured with the detector about residual radioactivity, it was far the following of a safety 
standard. In this examination, the cap film used the diacid-ized silicon film, using a high grade quartz 
substrate as a substrate. Residual radioactivity's being satisfactory to an oxygen atom is predicted. 
[0109] Furthermore, this invention is explained more concretely than the following. Henceforth, 
although it goes ahead with the talk about TFT of a top gate mold, the fine difference about TFT of a 
bottom gate mold does not change the essence of a certain thing. Therefore, only the top gate mold TFT 
is explained in full detail. Furthermore, as control ******** and a carrier, although there are two sorts, 
an electron or an electron hole, since it essentially does not change, it argues below about TFT of an 
electron, i.e., an N channel, as a carrier here. 

[01 10] The homogeneity of this initial property of TFT considered one factor as follows. That is, there 
are many heating processes in the creation process of TFT. Diffusion of a minute amount (amount which 
cannot almost be analyzed) takes place to the semi-conductor film which constitutes TFT, i.e., the 
crystalline substance silicon film, and the situation of the energy level of the carrier near the gate- 
dielectric-film-crystalline substance silicon film interface is made to vary from a substrate side on it at 
this time. 

[01 1 1] Moreover, especially one factor considered that change of said threshold also emitted for 
diffusion of a minute amount (amount which cannot almost be analyzed) to take place [ the 
dependability of TFT, and ] from the substrate side on the crystalline substance silicon film with an 
electrical potential difference and temperature. 

[01 12] Since the cross sections of the polycrystalline silicon layer which constitutes TFT differ as a 
result, this invention examines a conventional method asain first. 

[01 13] The conventional example of the manufacture technique of TFT is shown in [ drawing 7 ]. For 
the crystalline substance silicon film obtained by the amorphous silicon with which dehydrogenation 
treatment of a substrate and 51 was carried out for 50, and 52 carrying out melting and crystallization of 
laser light and 53, and 54, as for the gate metal-electrode film and 56, in ( drawing 7 ), gate dielectric 
film and 55 are [ the source metal-electrode film, the drain metal-electrode film, and 57 ] passivation 
film. 

[0114] Briefly, the conventional process is shown. First, the amorphous silicon film is formed with well- 
known plasma chemistry vacuum deposition (plasma-CVD method). It is about 1 hour after it and at 
about 350 degrees C. It heat-treats in a vacuum ambient atmosphere, and dehydrogenation treatment is 
performed (this drawing (a)). Next, the excimer laser of a xenon is irradiated and melting and the 
crystalline substance silicon film 53 which was solidified and it recrystallized are obtained for said 
amorphous silicon 51 by which dehydrogenation treatment was carried out (this drawing (b)). 
Furthermore, the deep ion implantation of Lynn is performed into the part of the crystalline substance 
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silicon which performs the thin ion implantation of Lynn into the part of the crystalline substance silicon 
assumed directly under a gate metal electrode (channel dope), and is assumed the source and directly 
under a drain metal electrode (n+ dope). Furthermore, it is heat treatment for activation of an 
impregnation kind The inside of a nitrogen air current, and about 600 degrees C It carries out for about 
30 minutes. Next, the gate dielectric film 54 which consists of silica dioxide etc. is obtained. Technique 
is based on the reduced pressure chemical vapor deposition (LPCVD) from the mixed gas of a steam, a 
plasma-CVD method, etc. from the mixed gas of a tetra-ethoxy silane and ozone like common 
knowledge at a silane, oxygen, or this. This thickness is 0.1 micrometers - 0.01 micrometers (this 
drawing (c)). Next, it forms that it is about the gate metal-electrode film 55 by aluminum etc. also with 
electron beam vacuum deposition, the well-known photolithography method, and the well-known 
chemistry etching method (this drawing (d)). Perforation of the part corresponding to the source polar 
zone and drain polar zone of said gate dielectric film 54 is carried out by the well-known chemistry 
etching method, and the source metal-electrode film and the drain metal-electrode film 7 are formed as it 
is to a part for this pore also with electron beam vacuum deposition, the well-known photolithography 
method, and the well-known chemistry etching method (this drawing (e)). Next, a silicon nitride film is 
formed in the whole as passivation film (this drawing (f)) by the plasma-CVD method. 
[01 15] As a substrate, heat-resistant borosilicate glass and a fused-quartz plate are used. The fused- 
quartz plate is very expensive. Actually, as for more than the diameter substrate of 8 inch, it is hopeless 
to present production. Therefore, depending on the case, heat-resistant borosilicate glass, for example, 
the Corning, Inc. make, and #1737 glass are most often used. However, it originates in the general 
process of this and heat-resistant borosilicate glass is contained in about 0.1% of alkali element. The 
alkali element in this heat-resistant borosilicate glass and other impurities are considered to be spread in 
the crystalline substance silicon film at the time of TFT manufacture. It is thought that this phenomenon 
is promoted by heating. This is considered to be the factor which makes said threshold in early stages of 
TFT manufacture vary. Actually, this dispersion was about 0.5v or more conventionally. A target is less 
than [ 0.1 V]. 

[01 16] moreover, acceleration evaluation of dependability, i.e., BTS, - law - big fluctuation of the 
threshold in the bottom is also considered to originate in this. [01 17] (Example 6) [ Drawing 8 ] is a 
configuration sectional view for explaining the technique concerning this invention. The oxygen ionic 
current by which the substrate was accelerated for 58 and the amorphous silicon film and 60 were 
accelerated for 59 in this drawing, The amorphous silicon film of the minimum [ 61 ] of an oxygen atom 
consistency, the amorphous silicon film whose 62 is an oxygen atom consistency and which becomes 
size, For the crystalline substance silicon film with which 63 carried out melting crystallization of laser 
light and 64, the film with which 65 is identified silicon oxide by electron diffraction evaluation, and 66, 
as for the gate metal-electrode film and 68, gate dielectric film and 67 are [ the source metal-electrode 
film, the drain metal-electrode film, and 69 ] passivation film. 
[01 18] This invention is explained using ( drawing 8 ). 

[01 19] First, the heat-resistant borosilicate glass of 1 .1mm thickness and #1737 came to hand from 
Corning Japan. Besides, made in SAMUKO International Lab, plasma-CVD equipment, and PD-2400 
were used, and the amorphous silicon film of about 250nm thickness was formed by the plasma-CVD 
method, wet [ next according to the well-known photolithography method and fluoric acid-nitric-acid- 
acetic-acid mixture ] - it is dirty and patterning is carried out to the shape of an island. Next, they are 
the inside of a vacuum, and about 400 degrees C. It heat-treated for about 1 hour, and hydrogen was 
desorbed from said amorphous silicon film (this drawing (a)). 

[0120] Next, the product made from Sumitomo ITONNOBA and NV-GSD-A -1 60 were used, with the 
energy of about 120 KeV(s), it was referred to as a dose and abbreviation 1.5xl0 A 18/cm A 2, and oxygen 
ion was poured in for about 20 minutes. Substrate temperature is about 400 degrees C. It carried out. 
According to another experiment, the peak of the oxygen ion density in silicon was in a depth of about 
150nm, and the oxygen consistency of this peak was abbreviation 4xlO A 22/cm A 3 (this drawing (b)). 
Then, about 600 degrees C was heat-treated for about 5 hours. 

[0121] Next, laser light was irradiated. It was based on a chlorination chloride excimer laser, the product 
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made from lambda FIJIKUSU, and EMG-203MSG as laser. Wavelength was about 300nm. On this 
wavelength, absorption of the silicon film is restricted to about about 50nm of surfaces. About 40 shots 
irradiated per [ of laser ] shot, and on condition that 220 mJ/cm A 2. Pulse width was about 35n second. 
The ambient atmosphere was an argon ambient atmosphere of abbreviation 10 A -3torr. At this time, the 
minimum amorphous silicon film of an oxygen atom consistency checked melting and solidifying in 
another experiment by this condition in an instant (this drawing (c)). According to the cross-section 
observation by the scanning electron microscope of the silicon film by which the lasing was carried out, 
the surface smoothness of the front face of the obtained crystalline substance silicon film which carried 
out melting and solidification was improving an about single figure as compared with the former. This is 
one advantage concerning this invention. Moreover, existence of the silica dioxide phase of the 
crystalline substance silicon film and its lower part was checked by electron diffraction. 
[0122] Next, the deep ion implantation of Lynn is performed into the part of the crystalline substance 
silicon which performs the thin ion implantation of Lynn into the part of the crystalline substance silicon 
assumed directly under a gate metal electrode (channel dope), and is assumed the source and directly 
under a drain metal electrode as usual (n+ dope). Furthermore, it is heat treatment for activation of an 
impregnation kind The inside of a nitrogen air current, and about 600 degrees C It carries out for about 
30 minutes. Furthermore, at the LPCVD furnace (the Tokyo Electron make, form IW-6) using silane- 
oxygen system gas, gate dielectric film of about 80nm of thickness was formed, and micro processing 
was carried out so that this gate dielectric film might remain only near the island of said crystalline 
substance silicon film by the well-known approach (this drawing (d)). 

[0123] Next, the gate metal-electrode film is formed. First, about 800nm of aluminum is vapor- 
deposited using EB vacuum evaporationo machine (the product made from Japanese Vacuum, EVC 
500A). By the well-known photolithography method and phosphoric acid-nitric-acid-acetic-acid system 
mixture, micro processing of this was carried out and it was obtained (this drawing (e)). 
[0124] Next, the well-known photolithography method and the well-known fluoric acid system buffer 
solution were used, and the hole was opened in the source electrode part and the drain electrode part 
among gate dielectric film. Next, as mentioned above, it formed so that it might become about 1.2- 
micrometer thickness about the aluminum film for it to be also with electron beam vacuum deposition, 
and still as mentioned above, micro processing was carried out and the source metal-electrode film and 
the drain metal-electrode film were formed (this drawing (f)). 

[0125] Furthermore, a silicon nitride film is formed in the whole as passivation film by the plasma-CVD 
method next (this drawing (g)). 

[0126] Moreover, as laser to be used, even if it used the argon laser instead of the excimer laser, the 

same result was obtained. Laser was based on the NEC make, an argon laser, and GLG-3202. 

[0127] Dispersion in said threshold of done TFT was what is less than [ 0.1 V ] and supports an author's 

assumption mostly. Moreover, according to evaluation of the above BTS methods, the range of 

fluctuation of said threshold was less than [ 0.1 V ]. 

[0128] 

[Effect of the Invention] In case this invention is carried out, it contributes to the entropy of a property, 
or the improvement in dependability, and TFT is worthy of the application to a liquid crystal display, an 
I/O device, etc., and a so-called size is worthy with a drastic improvement of the property of the 
crystalline substance silicon film, this and gate dielectric film which constitute TFT, or an interface. 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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